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INTRODUCTION. 


The study of poisonous gases and their use as a possible means of 


_ control of the peach-tree borer, Sanninoidea exitiosa Say, of which 


the present paper is a brief report, was begun in 1915, under the direc- 
tion of Dr. A. L. Quaintance, in charge of deciduous fruit insect 
investigations, of the Bureau of Entomology. In this investigation 


_the attempt has been made to develop a method of control by the 


use of local applications of volatile toxic compounds in the soil at 
the base of the trees. On account of the intimate association of the 
insect and its host, any gas fully efficient as a larvicide must neces- 
sarily have more or less effect upon the tree. In this respect, how- 
ever, the problem presents nothing unusual, as the application of 
insecticides generally and the fumigation of living plants especially 
is restricted to a greater or less extent by the same limitation. In 
the case of the peach-tree borer the insect and its host are by no 
means susceptible to fumigation in the same degree. Also, for vari- 
ous reasons, a much wider margin of safety to the tree is afforded 
by some gases than by others. 

It has been necessary, in regard to fumigation, to take into con- 
sideration the manner in which it is affected by soil and atmospheric 
temperatures, soil type, soil moisture, rainfall, seasonal development 
of the insect and its host, and their relation to the chemical prop- 
erties of the materials tested, such as the volatility and solubility 
of the gas, etc. In 1916 daily determinations of soil moisture and 
records of soil and atmospheric temperatures and rainfall were ob- 
tained in connection with each experiment, but on account of the 

125552°—19 1 


2 BULLETIN 796, U. S. DEPARTMENT OF AGRICULTURE. 


infinite variation of such factors under field conditions it has been 
found impossible to correlate these data with the results of the 
experiments except in a very general way. For the most. part, 
therefore, conclusions have been based on the results of fairly ex- 
tensive field tests with only a general analysis of the conditions in- 
volved. 

A number of substances have been tested and many data accumu- 
lated which it is impossible to include in the present paper. In so far 
as promise of providing a safe and effective contro] measure for the 
insect is concerned, all of the gases tested have given negative results 
except one, p-dichlorobenzene. The results obtained from the use of 
this material are so promising that it has seemed best to report upon 
the present experimental status of.the work for the information of 
others interested in the problem. Also it is hoped that as far 
as possible useless duplication of work with some of the other less 
promising gases may be prevented. 


EXPERIMENTAL PROCEDURE. 


As already stated, the essential idea of the experiments involves 
application of volatile toxic compounds to the soil at the base of the 
trees. In one experiment small tents were used to confine the gas, but 
this method, on account of the mechanical difficulties involved, was 
never used to any great extent. The soil under all ordinary condi- 
tions proved a fairly satisfactory container for the gas. Whether the 
material was applied in water solution or in its original form de- 
pended upon its chemical properties. Whenever possible both 
methods of application were adopted. When applied either in solu- 
tion or suspended in water, a trench was dug about the collar of the 
tree as for “ worming ” and the required dose, in from 1 to 2 gallons 
of water, puddled about the trunk, after which the soil was replaced 
and compacted. When applied in its original state the material, if 
a liquid, was poured into the soil about the collar, and if a solid, was 
buried in the surface soil about the trunk. 

Two methods of ascertaining results were followed. In the first the 
treated trees were examined within a short time after application, 
usually within a few days, the results being judged by the mortality 
of the larve. The interval from application to examination was 
usually varied sufficiently to determine the toxicity of the fumigation. 
In the second method the treatments were made either in late fall or 
early spring and examination made several weeks or several months 
later, before the infestation of the next season. By this time dead 
larve usually had largely decomposed, and it was necessary to 
judge the effectiveness of the fumigation by a comparison of the 
number of active larve escaping on the treated trees with the num- 
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ber active on untreated trees in adjoining rows. In all cases the effect 
of the fumigation on the tissues of the tree was carefully noted, 
the margin of safety being considered as fully as the larvicidal 
action of the gas. Injury to the trees has been classified under 
the following terms: Trace, slight, moderate, severe, and maxi- 
mum. Maximum injury applies to cases where the tree has been 
girdled completely by the fumigation, and no doubt remains of 
its immediate death. Severe injury indicates that the tree has been 
girdled partially, sufficient to destroy permanently its productive 
value, but not to cause its immediate death. The other terms, moder- 
ate, slight, and trace, represent a gradually diminishing degree -of 
injury, the last term indicating that the effect of the gas was only 
sufficient for identification. The first two terms, trace and slight, 
represent injury which is of little or no importance as far as the 
effect upon the tree is concerned. 


EXPERIMENTAL RESULTS. 
MISCELLANEOUS GASES. 


The principal materials that have been tested are carbon disul- 
phid, carbon tetrachlorid, hydrocyanic-acid gas, naphthalene, and 
para-dichlorobenzene. In the discussion of the relative merits of 
these materials the results are given in detail only for the last, p-di- 
chlorobenzene. 

CARBON DISULPHID. 


~ In 1902 Woodworth! recommended the use of carbon disulphid 
against the western species of peach borer. Under the proper con- 
dition of soil moisture and temperature it is a most efficient larvicide. 
In practice, however, it was found impossible to standardize its use 
to an extent which would make it both safe and effective. The main | 
difficulty with this material arises from its great volatility at or- 
dinary temperatures, which makes it very sensitive to variations in 
soil porosity. In very dry or porous soils, large doses of several 
ounces may be applied with no effect upon the larve. On the other 
hand, in very moist, tight soils, large vigorous 12-year old trees 
have been entirely girdled by an application of as small a dose as 
one-fourth of an ounce. Its application in water emulsion was 
found to standardize soil conditions greatly, and successful treat- 
ments by this method with greatly-reduced doses have been made on 
hundreds of trees without injury. A very slight misjudgment in 
dosage for a given set of conditions, however, gave results of an 
opposite character, and after two and one-half years’ experience with 
this gas its use has been entirely abandoned. 


1 WoopDwortH, C. W. THE CALIFORNIA PEACH-TREE BORER. Cal. Agr. Exp. Sta. Bul. 
143. 1902. : 
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CARBON TETRACHLORID. 


Carbon tetrachlorid does not differ essentially from carbon di- 
sulphid, in so far as its effect upon the tree or its larvicidal action 
is concerned. To achieve the same result it seemed to require about 
double the dosage of the disulphid. Its chief merit as a fumigant © 
seems to lie in the fact that the vapor is not inflammable. 


NAPHTHALENE. 


Naphthalene was tested quite fully in 1916 and 1917. For the 
greater part of the year it vaporized just fast enough to give the 
soil about the base of the tree a pronounced odor, but apparently 
produced no effect upon the insect or the tree. With a soil tempera- 
ture of 70° F. and over, attained in July and August, there is a very 
decided larvicidal action, but not sufficient to make this material of 


value. 
HYDROCYANIC-ACID GAS. 


Hydrocyanic-acid gas, while a very effective larvicide, proved too 
dangerous. The great solubility of this gas effectually prevents the 
standardization of its use. Variation in moisture content and in the 
type of soil so greatly affect the absorption of this gas by the latter 
that it has been found impossible to establish any standard dosage 
that is both effective and safe for any number of conditions. Moist 
soils required much larger doses than dry soils or soils of low water- 
holding content. This point has been fully covered by Ong? in a — 
recent publication. The great solubility of the gas, furthermore, 
leads to its rapid absorption by the portions of the tree with which 
it comes in contact, which probably explains in part the considerable 
injury resulting from its use. 


PARA-DICHLOROBENZENE. 


INSECTICIDAL, PHYSICAL, AND CHEMICAL PROPERTIES. 


Of the various volatile compounds tested, the merits of some of 
which have been briefly discussed, para-dichlorobenzene has been by 
far the most promising. While well known chemically, its value as 
an insecticide is of comparatively recent discovery. 

Of the various volatile compounds tested, the merits of some of 
which have been briefly discussed, para-dichlorobenzene has been by 
far the most promising. While well known chemically, its value as 
an insecticide is of comparatively recent discovery. Duckett,? in 
1915, published a report on the insecticidal value of its vapor as a 
fumigant against various insects. Later in the same year Cook, 

10OnG, E. R. DE. HyYDROCYANIC-ACID GAS AS A SOIL FUMIGANT. In Jour. Agr. Research, 
v. 11, no. 9, p. 421-436. 1917. 


2 Duckett, A. B. ParA-DICHLOROBENZENE AS AN INSECT FUMIGANT. U. S. Dept. Agr. 
Bul. 167. 1915. 
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METHOD OF APPLYING PARA-DICHLOROBENZENE FOR CONTROL OF THE PEACH- 
TREE BORER. 


Above: Tree with soil crust broken about the collar and one ounce of para-dichlorobenzene applied. 
Below: Same tree with soil placed over the material and compacted. 
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Hutchison, and Scales? reported rather indifferent results from its | 
use against fly larvee in horse manure. Moore? used it in 1916 in the 
fumigation of animals to destroy their external parasites and found 
it less effective for that purpose than nitrobenzene. Its chemical 
formule and physical properties are discussed fully in Duckett’s 
report. It is a crystalline solid at ordinary temperatures, insoluble 
in water, melting at 53° C., and boiling at 172° C. Like naphthalene 
it vaporizes much below its boiling point, although only very slowly 
at ordinary temperatures. Its vapor pressure and rate of volatiliza- 
tion are discussed on page 21. Apparently, however, when vaporiza- 
tion takes place in a closed container of a capacity appropriate to the 
dose, or under conditions approximate to that, the evolution of gas 
even at ordinary temperatures is sufficiently rapid to produce eventu- 
ally an atmosphere of toxic saturation. 


METHOD oF APPLICATION. 


The method of application for the use of p-dichlorobenzene 
against the peach borer is illustrated in Plate I. The mechanical 
condition of the material, on account of its relation to the rate of 
evaporation, is of considerable importance. The action of the gas 
is quite local and an even distribution about the tree is highly de- 
sirable. It was found that p-dichlorobenzene was most convenient 
and satisfactory for use when pulverized to about the fineness of 
coarse salt or granulated sugar. The form in which it usually appears 
on the market may be reduced to this condition by crushing and 
sifting through a 12-mesh screen. In this condition it does not 
lump badly, can be evenly distributed, and vaporizes at about the 
proper rate. 

In making application the soil crust is first broken to a depth of 
1 or 2 inches with a hoe, or some other suitable tool. The vapor of 
p-dichlorobenzene is about five times heavier than air and it is not 
desirable to apply it deeper than is necessary to avoid washing and 
surface loss of gas. The soil is not scraped away from the collar of 
the tree unless there is a decided mound. The material is placed 
as nearly as possible at the level of the uppermost galleries. The 
soil, moreover, should not be disturbed except to break up the surface 
crust. The gas will permeate very tight soils readily, and any un- 
necessary digging up of the soil about the collar only makes more air 
space to be saturated, and increases the chance of ineffective fumiga- 
tion. After the preparation of the soil surface the p-dichloroben- 
zene is-sprinkled as evenly as possible about the collar of the tree 
in a band 1 or 2 inches wide. In practice the material may be con- 


1Coox, F. C., HUTCHISON, R. H., and Scares, F. M. FURTHER EXPERIMENTS IN THE 
DESTRUCTION OF FLY LARV® IN HORSE MANURE. U.S. Dept. Agr. Bul. 245. 1915. 

* Moore, WM. FUMIGATION OF ANIMALS. TO DESTROY THEIR EXTERNAL PARASITES. In 
Jour. Heon. Ent., v. 9, no. 1, p. 71-78. 1916. 
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veniently carried in an open pail and the dose measured in a gradu- 
ate holding just the desired amount. A little preliminary practice 
with the graduate and scales enables one to gauge the dosage very cor- 
rectly. It is probably best to keep the material from actual contact 
with the bark by perhaps half an inch, although the practical im- 
portance of this precaution is not known. Finally, the material is 
covered to a depth of 2 inches with two or three Shovelfuls of soil, 
and this slight mound compacted by a few sharp blows with the 
back of the shovel. The soil is the container for the gas, and the 
success of the fumigation depends upon the vapor being given off 
faster than it is lost. At best there is considerable surface loss of 
gas, and the final compacting of the soil is of considerable impor- 
tance. No lumps or stones are left against the trunk above the 
surface to furnish a harbor behind which newly-hatched larvee 
may begin feeding out of reach of the vapor. No effect, of course, 
can be produced upon larve feeding in galleries above ground. 


LARVICIDAL ACTION. 


To determine the actual larvicidal value of the vapor of p-dichlo- 
robenzene, a series of applications were made to trees in the 
field at Springfield, W. Va., in 1916. The approximate limits of 
effective dosage had been fairly well established by preliminary 
exper iments. Each dose was applied to 20 trees and these examined 
in lots of 5 at approximately weekly intervals. 

Table I gives the summarized results of several such tests. It is 
impossible to include all of the experiments made in this connection, 
but the data given bring out the essential facts in regard to dosage 
efficiency. The soil on which these experiments were made is classi- 
fied as Frankstown silt loam.’ 


1 Determination of soil type furnished by the Soil Survey of the Bureau of Soils, United 
States Department of Agriculture. . 
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Tt was found necessary in this work to differentiate between what 
were apparently normally active larve and those which, although 
slightly active, were visibly affected by the gas. The larve there- 
fore were classified into dead, stupefied, and active. Whether 
stupefied larve eventually recover or die seemed to be largely a ques- 
tion of the duration and toxicity of the fumigation, and the degree to 
which the larve were affected. Stupefied larvee when placed in the 
open air sometimes recovered and sometimes died, but the determina- 
tion of the exact condition under which either took place was impos- 
sible. It was determined, however, that larve apparently much af- 
fected may be revived. On the other hand, when the dosage was 
sufficient to provide for a continuation of the fumigation much 
beyond the time at which the examination was made it may be as- 
sumed with safety that the stupefied larvee eventually would have 
been killed. | 

In Table I it will be seen that a 1-ounce dose, applied July 19, 
showed 9 days after application a small number of larve stupe- 
fied. By the time of the next examination, however, 14 days after 
application and in the two succeeding examinations, the larve were 
all dead. 

Very little can be added to these data by an extended discussion. 
The principal facts in regard to dosage are brought out in Table I. 
In the study of the table, however, it should be emphasized that the 
relative numbers of dead and living larve in the last two examina- 
tions for each dose are somewhat misleading, due to the early de- 
composition of many of the dead, especially the smaller ones. The 
1-ounce and one-half-ounce doses were more quickly and fully ef- 
fective in the July applications than in the August applications. 
The one-fourth-ounce dose applied August 17 was partially effective 
but its action was not sustained, and by the time of the last examina- | 
tion, 39 days after application, the dose had been dissipated so com- 
pletely that young larve which were hatching at the time weve able 
to enter the trees. The one-half-ounce and the 1-ounce doses both 
gave very complete immunity from this current infestation of newly 
hatched larvee. The importance of this point will be emphasized later 
in connection with the time of application and the final control ob- 
tained from the use of this gas. 

It was observed that the larve of the fungus-gnat, Mycetobia 
sp., which feed in the gum, apparently succumb to the action of the 
gas in about the same proportion as do the larve of eaitiosa. 

From the results of the experiments with p-dichlorobenzene given 
in Table I it will be seen that at the soil temperatures prevailing 
in late July and August a dose of 1 ounce per tree has a very effective 
larvicidal action. The vapor apparently acts rather slowly, how- 
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ever, and no definite statement can be made as to the exact time 


required for the gas to kill all the larvae. This, of course, depends 
upon the concentration of the soil vapor and the condition of the 
insect. These points are discussed more fully in a later paragraph. 
Occasionally larvee subjected to the fumigation apparently live for 
weeks in a comatose condition, their bodies shrinking to one-half 
or one-third normal size before death. There is no means of know- 
ing whether this is due to an unequal distribution of the gas or to 
the greater vitality of the individual so affected. As a rule, after 
the application of an effective dose in late summer and early fall 
most of the larve are killed within a period of about two weeks. 


UsE AS A ConTROL MEASURE. 


TIME OF APPLICATION. 


The extent to which an application of p-dichlorobenzene may act 
as a control measure for the peach-tree borer depends greatly on the 
season of the year in which it is made. Im the central latitudes, 
where most of the experimental work was done, the hatching period 
of the insect extends more or less over at least three months—July, 
August, and September. In exceptional seasons, and perhaps to 
some extent every season, it may be extended from one to two weeks 
in either direction from these limits. 

It has been found that a single application of an effective dose 
made in the early fall gives a very fair degree of control. Ap- 
parently the ideal time would be from two to three weeks before the 
end of the hatching period. Applied at that time it kills all the 
larvee except a few of the more perfectly protected that have already 
entered the tree, and provides an immunity from the attacks of 
those which hatch later and appear during the progress of the 
fumigation. Also the soil temperatures at this time are sufficient 
to vaporize most of the material before winter, a point discussed 
in a later paragraph in connection with injury. The seasonal 
fluctuations in the period of egg deposition prevent the determina- 
tion of the time of application to any very great degree of exactness. 
The period for effective application, however, apparently has no 
arbitrary time limits. Table II gives the summarized results of 
about 15 experiments carried on in West Virginia, Virginia, and 
Maryland in 1916, 1917, and 1918. : 

125552°—19 2 
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TABLE II.—Relative effectiveness of a single fall application of stated doses of 
p-dichlorobenzene. 1916-1918. 


Application per tree. 


Bare Check un- 
Observation. frantods 
; ounce. | 4ounce.| 2 ounce.|} 1 ounce. 
Total number oftrees 25. --.- 52-2 enc ER = ee 10 88 272 298 224 
Number of trees not infested:.......--2-.-.--..1..::- 4 61 226 256 22 
Num ber-of trees:intested=- 250-225 ee ee eee 6 27 46 42 202 
Totalnumber oflanvces= £0. sc ek see a. epee 20 90 98 85 1, 669 
Maximum number of larve on one tree..........---. 11 9 6 6 
Average number of larve per tree for treesinfested - . 4.1 ao 2a: 2 8.2 
Average number of larve per tree for total number 
ORATCeSK Aare S88 ae nae eae eee Sane 2.5 1 36 . 28 7.4 
Approximate percentage of control......-.......-...- 70 88 95 96 0 


The time of application varied from the last of August to the last 
of September, yet in no case was there a very decided departure from 
the general average of control given in the table. In some cases when 
application was made about the 25th of August the fumigation was 
apparently over a little too soon, indicated by a slight infestation of 
newly hatched larve. On the other hand, applications made the last 
of September, while entirely effective, had the disadvantage of in- 
complete evaporation. The ideal time apparently was ‘in carly Sep- 
tember, approximately the 10th. 

In 1917 about 80 trees were treated at Springfield with a 1-ounce 
dose each. One plat received one application on July 7; one plat 
two applications, the first on July 7 and the second on August 24; and 
one plat one application on August 25. The plat receiving one appli- 
cation July 7 gave a control of 45 per cent when examined on October 
11. The plat receiving two applications gave a control of 96 per cent, 
and the plat receiving one application on August 25, 90 per cent. 
Table III gives the results of this treatment. 


TABLE II].—Relative effectiveness of one and tivo applications per sedson of a 
1-ounce dose of p-dichlorobenzene per tree, Springfield, W. Va., 1917. 


’ = 
Applications. | Number of trees— Numberor atts s 
Dates of : Percent- 
exami- age oe 
nation. contro 
a Ex- - Average 
Number. Date. Treated. sapere Total per tree. 
aaa Re EEE Pe Eee siby.S v OCus as: 29 20 66 3.3 45 
EF dors 
s tet tt tt re re eee ee ee ee ee ee eee {Aue 24 Ee edOleas 38 20 5 25 96 
SIE EG Sve it ee te Sate Mae Aug. 25 | Oct. 16 13 13 8 6 90 
Chee Tee eee Sees eae EER SeH Be sen aod hear nh 28 169 6 0 


The difference in control between the plat treated twice and that 
treated once on August 25 is too slight to be of special importance, 
and certainly not sufficient to warrant the double application in prac- 
tice. Aside from consideration of economy two applications per 
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season have the added disadvantage of subjecting the tree to a double . 
fumigation and a proportionately greater chance of injury, although 
no injury was observed on the trees so treated. 

While very good results have been obtained from applications 
made all the way from the last of August to the last of September, 
very late application has been less satisfactory. In 1916 the 1-ounce 
dose was applied to 48 trees at Springfield on November 1. Exam- 
ination was made the following spring on May 28, about seven months 
later. Large numbers of dead and decomposing larve were found 
on the trees. An unusual number, however, had escaped. Compared 
to adjacent untreated trees the indicated mortality was 87 per cent. 
A slight amount of the material was still in the soil, and from the 
appearance of the larvee it was suspected that a considerable part of 
the fumigation had taken place in the spring. There was also more 
or less injury about wounds and exposed tissue. The larve are 
probably much more resistant to fumigation during the dormant 
period than at any other season of the year. 

It has been found that with all gases the trees recover more readily 
from injury which occurs in early spring just at the beginning of 
the growing season than at any other time of the year, and other 
things being equal that would be the logical time to apply fumiga- 
tion. Records of soil temperatures made at Springfield in 1916, how- 
ever, indicate that the soil warms up rather slowly in the spring. At 
a depth of 6 inches the temperatures of the period from September 
15 to October 15 were not attained in the spring until about May 15 


to June 15. It is hardly probable that effective application could 


be made in the spring much before May 15. By this time a great 
number of the larve have reached a considerable degree of maturity 
at the expense of much injury to the tree, and while the gas would 
probably reach a large proportion, the depth and character of the 
burrows of the larger larve provide more or less chance for their 
escape. | 

As already stated, early fall, from two to three weeks before the 
end of the hatching period, proved the most effective time for appli- 
cation. In the latitude of Washington this is about the 10th of Sep- 
tember. At this time larvee that have already entered the trees are 


mostly small, feeding in the outer layers of bark in more or less ex- 


posed locations, while the soil temperature is sufficient to evaporate 
the material before winter. 
For other localities both north and south of the latitude of Wash- 


ington, the time of application undoubtedly can be established ap- 


proximately from what is known of the insects’ seasonal history in 
various parts of the country. In Table VI it will be seen that there 
was a wide variation in the dates applications were made in the same 
locality in 1916, 1917, and 1918. As a matter of fact, all of the appli- 
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cations of 1918 were made from two to three weeks later than was 
originally planned, and, while the results of these experiments were - 
quite satisfactory so far as the larvicidal action was concerned, a con- 
siderable amount of the material remained about the trees at the time 
examinations were made. There is reason to believe that the dates 
originally adopted are more satisfactory. These dates are as follows: 


Michigan, Ohio, Connecticut—___.. =~ == September 1 
New Jersey, West Virgina, Maryland_________ September 10 
North Carolia and the Ozarks..." 5-23 oP es September 25 
Georgia “nnd “Pexas 2) 2 ee es eee October 10 


In the study of Table VI it should be remembered that the exam- 
inations were made several weeks and in some cases several months 
after application. Dead larve, of course, were largely decomposed 
after such a lapse of time. Hence no account was taken of anything 
but living larve. Dead skins and partly decomposed bodies were 
always in evidence but no attempt was made to determine the actual 
infestation from their numbers. The check plat by which the relative 
infestation was judged in all cases was made up of consecutive trees 
in adjoining parallel rows. 


DOSAGE. 


Table VI sets forth with sufficient clearness the essential fea- 
tures of dosage efficiency. It will be seen that the doses applied as 
a single fall treatment gave results which agree very closely with 
their previously determined larvicidal value given in Table I. The 
trees treated in these experiments varied in age from 6 to 15 years 
and in size at the butts from one to several inches in diameter. 
It might be argued that the collar girth of the trees would be a bet- 
ter index to the dosage required than their age. There are certain 
facts, however, which make this undesirable. First, as will be shown 
later, injury is more dependent upon the age of the tree and the 
development of protective tissue than upon its size. Second, there 
has been a wide latitude in the size of trees treated successfully by 
a given dose. Under field conditions there is at all times a heavy 
surface and lateral loss of gas. It seems probable for that reason 
that there is a certain area of gas diffusion necessary before the 
vapor in the center of this area attains toxic concentration. There 
are, of course, limits in both directions in the application of this 
statement, very large trees undoubtedly requiring larger doses than 
small ones. In practice, however, the latitude in collar girth of 
trees which a given dose will treat successfully has been enough to 
cover the usual variation in trees between the ages of 6 and 15 years. 

It will be seen in Table VI that the one-fourth-ounce dose gave 
only partial control. Although only one experiment included the 
application of this amount, the results agreed fairly well with its 
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previously determined larvicidal value. The one-half-ounce dose in 
many instances gave as perfect control as the next two larger doses, 
and in some cases better. On the whole, however, the results from 
the application of this dose are not quite so uniform and the general 
average is slightly less. As will be seen from the table, there is not 
a great difference in the control obtained from either the one-half- 
ounce, the three-fourths-ounce, or the 1l-ounce doses. Apparently 
there is considerable latitude in the dosage required, within these 
limits, but it does not seem likely that much less than one-half-ounce 
doses would give consistent control. On the other hand, there does 
not seem to be much point in using doses larger than 1 ounce. 

Other experiments were carried on in which very much larger 
doses than those shown in Table VI were used, but in none of these 
was there an advantage in the control obtained sufficient to offset the 
probability of injury from the greatly prolonged fumigation. Table 
IV gives the results of one such experiment, made at Springfield 
in 1916. 


TABLE 1V.—Effect of stated doses of para-dichlorobenzene on 8-year-old peach 
trees, Springfield, W. Va., 1916. 


Number of activ 
Date of Interval larvee . 
Num- in days 
ber of Dose per tree. ae Injury. 
trees. Applica- | Examin-| to exam- Total Per 
tion. ation. | ination. tree 

Beles OUNCE Soca n aa = === June 24] Oct. 14 112 29 5.8 | None. 

Bale ees: do.. ee Osa. Oct. 27 125 12 2.4 | None. 

Bale ess (0 OS ees ee Dae do.. Oct. 28 126 3 .6 | None. 

habehe kt COL eeeteee Aug, 22 |...do..... Ad GSES Aas ace sene None. 

5u| kounC@as ss ciecis <5 June 24] Oct. 14 112 9 1.8 | None. 

Bleu GO ceases GOs S< Oct. 18 116 25 5.0 | None. 

Bd eee GOs See Ps ON Oct. 27 125 15 3.0] None. 

hl eae oe GO? eso si --do.. 2dolk.s 125 6 1.2 | None. 

ital Seese Goss see see Aug. 22] Oct. 28 (CY Aa SA ese SaCeeters = None. 

5 | 2ounces.......---- June 24] Oct. 14 DADH ees 2 Sores aio None (1 tree moderate). 

il eee GOs oe: ---do.. Oct. 18 116 3 .6 | None. 

Sas 2 Ova ese: .-do. Oct. 28 126 4 .8 | None. 

Ral eee GOsekc ase SACS) Oct. 27 17550) Use, Sea (tery Peea None. 

Bs |e do -| Aug. 22 | Oct. 28 OE eee es ee eee None 

5H) BS OUNCES |< cigs oes-i- oc June 24] Oct. 14 0 IRS a See ee ars eee None 

ae Sse OM asses: AG Ors Oct. 27 Oya Rss Rom RR ee None 

Sap cee GOnae Rem ecmescd =O). Oct. 28 2G [rate Se ACN PC ene en eee None 

Bulmer wc GO=zteeteee ee .-do.. Oct. 27 bE Roa ese leme erm oene None 

Byles ss Op sae Aug. 22] Oct. 28 Cif ee se Knee eee None. 

37) SOumees/- 25 -.--- == June 24] Oct. 14 LI ees oh aes Gals ane tees None (1 tree severe). 

Sil ececis COE Saas .-do. Oct. 27 TASS | Ee acetal oe aa res None 

Bal esa GOED SEM east se ..do. Oct. 28 DG esses hee alas a RR None 

By ae es Oe as eee 22d 0.2 eed Oise es 1 Lah (as Soke eral Peers None 

isyu Rae C0eesaee een fs Aug. 22 |...do-.. 6iel acts Se a ee None. 

ZF KOVOUNCES 2G. ose ee -'ee SAGs --do. Glee Sosisteel Se eG aie None (1 tree traces). 

2 | 8ounces..........- 22.d0 .-do Ola Rees ease| tee eee Traces. 

2 | 10 ounces......-.-- --do -.-do. Vil Saeosamnoe| Goemaececes None (1 tree traces). 


Total number of trees treated, 126. 


A total of 126 eight-year-old trees were treated with various doses, 
ranging from one-half ounce to 10 ounces per tree. Part of the ap- 
plications were made June 24 and part August 22. The examination 


was made in October. 


Of the entire 126 trees, 56 which received 
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3 ounces each and over were entirely free from larve; 20 trees re- 
ceiving 2 ounces each on June 24 contained 7 larve, an average 
infestation of 0.35 per tree; 5 trees receiving 2 ounces each August 
22 contained none; 20 trees receiving 1 ounce each on June 24 con- 
tained 55 larve, an average infestation of 2.7 per tree; 5 trees re- 
ceiving 1 ounce each on August 22 contained none; 15 trees receiv- 
ing one-half ounce each on June 24 contained 54 larve, or an average 
of 3.6 per tree; and 5 trees receiving the same dose on August 22 con- 
tained none. It is especially significant that the single application 
of a moderate dose the last of August gave as good control, in the 
end, as a June application of a much larger dose. 


INFLUENCE OF SOIL TYPE. 


So far as the present experiments go the influence of soil type on 
the effectiveness of the application of p-dichlorobenzene has im- 
posed no limitations on its use. While the fumigation probably 
may be expected to prove somewhat less effective in some cases where 
extreme variation in soil types exists, it has been used so far with 
almost uniform results on a variety of soils. In this respect it pos- 
sesses a distinct advantage over gases like carbon disulphid and 
carbon tetrachlorid, which volatilize so rapidly at ordinary tempera- 
ture that the fumigation is over in a few days. The relative dif- 
fusion of gases at various times in a given soil type depends mainly 
on the variation of moisture content. A highly volatile gas for that 
reason possesses a distinct disadvantage, since it is governed entirely 
by the particular condition of the soil, with respect to moisture, 
which exists within a period of a few days. This condition may be 
one of extreme dryness or extreme wetness, or, in case of a heavy 
rain, both conditions may be present. It is apparent, therefore, 
that a material of low volatility at ordinary soil temperature, which 
gives a comparatively mild fumigation, and requires a long period 
for its action, not only takes advantage of the equalization of soil 
moisture conditions that usually occurs over a period of several 
weeks, but at the same time is less seriously affected by sudden 
violent fluctuations that may occur at any time. 

Table VI gives the results obtained on several types of soil vary- 
ing in character from sandy loam to comparatively heavy clay loam. 
At Pinto, Md., where the soil type is a variation of the Franks- 
town series, known as stony silt loam, locally called chert land, the 
greatest difficulty is encountered in its use. When cultivation of 
this soil is followed for some time, it appears often almost entirely 
free of fine material on the surface. Below the immediate surface, 
however, it is usually well filled with fine soil. The chief difficulty 
in making application to this type of soil was due to the lack of 
fine material. As will be seen in Table VI the results were quite 
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satisfactory on this type of soil, and the mechanical difficulty in- 


volved in its application would probably be no greater than in 
“worming.” 

For the types of soil upon which experiments have been made no 
consistent variation in control has so far been observed. The com- 
parative mildness of the fumigation and the long period over which 
it acts apparently tend to neutralize the influence of soil type. 


InJuRY TO TREES. 


The margin of safety in the use of p-dichlorobenzene against the 
peach-tree borer apparently depends entirely upon the relative extent 
to which the insect and the tissues of its host are exposed to the 
action of the gas. In the main this relation varies in proportion to 
the age of the tree and the development of its protective tissues. It 
has been found impossible to fumigate young trees with safety. On 
the other hand trees beyond a certain age have shown so far no ill 
effects from a fumigation of several times the duration necessary 
to kill the insect. 

In the course of three years’ work many hundreds of observations 
have been made on the collars of trees treated with a great variety 
of doses on a number of different soils. In some cases blocks of 
trees have been treated for two successive seasons and in one case for 
three years. In part, the observations have been made in connection 
with “worming” data, and in part they are the results of separate 


dosage experiments. 


NURSERY TREES. 


In 1916, 57 nursery trees were treated in a nursery at Hagerstown, 
Md. The trees were Belle of Georgia buds of the previous fall. The 
soil was a stiff clay loam. The dosage was distributed over the 57 
trees as follows: 10 received one-fourth ounce each; 10 one-half 
ounce; 10 three-fourths of an ounce; 10, 1 ounce; 5, 2 ounces; 5, 3 
ounces; 2, 4 ounces; 2, 5 ounces; and 3 individual trees received 6, 
8, and 10 ounces, respectively. The application was made on Sep- 


. tember 6. On October 21 the trees were dug and examined. In this 


interval of 45 days all of the trees had been injured severely by the 
gas. No distinction could be made between the various doses in the 
extent of the injury, which was as severe on trees receiving one- 
fourth ounce as on those receiving more. The injury was localized 
on the collar and larger roots lying within 6 to 8 inches of the ma- 
terial, The greatest amount of tissue killed was in the vicinity of 
wounds, but even on uninjured stems where the epidermis was not 
ruptured the surface was peppered with tiny lesions extending into 
the cambium. 


EE ————— 


SN EE OE ee 
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TWO-YEAR ORCHARD TREES. 


The effect upon two-year orchard trees proved less serious, al- 
though much too great to make their fumigation practicable. On 
August 18, 1916, 20 Belle of Georgia trees were treated in an orchard 
at Vienna, Va. These trees were in their second season from plant- 
ing and were consequently two years older than the nursery trees. 
The soil was exceptionally stiff clay loam. With one or two excep- 
tions these trees were vigorous and normal. Table V gives the date 
of application, dosage, and the results of later observations on the 
effects of the fumigation. 


TABLE V.—Effect of stated doses of para-dichlorobenzene on 2-year-old Belie of 
Georgia peach trees, Vienna, Va., 1916-17. 


Condition Condition of trees on specified dates of examination. 
Tree oftrees Date of 
No before Dose applica- 
Teat- on 
eat ti Mar. 14, 1917. July 24, 1917. 
1916. 

1 | Normal..| founce...| Aug. 18 | Moderateinjury, notserious....} Fullyrecovered, normal growth. 

21h dos alse- do:-ce eed Ossee Slight injury, not serious......- Do. 

1 pnd ose FOUNCO2. 2-208 sea Ose aces eee ee eee Do. 

2| Weak.. ed op tee doles Deade ks A Ae See 

1a dose a8 2 ounce. .|...do..... Slight injury, not serious....... Do. 

2) Normalit edo’ See do. ...| Severeinjury, girdled.......... Dead. 

Th Seis Kay ee 1 ounce. .|...do..... Beyere aniury, three-quarters Parties recovered, normal 
girdle growth. 

Zio Oak. 2:)-Sid0.2.2.. 1 dons Slight injury, not serious. .....- Fully recovered, normal growth. 

1 |} Normats.|/2 ounces |! . :do.265_\9% cdo meat se * ee ae Do. 

PF Heat Osrpse| ese dort, do. ...| Severei injury, girdled.......... Dead. 

HiPedos. 2 3 ounces. |...do..... Slight injury, not serious....... Fully recovered, normal growth. 

7\ Feet CS eesc Bae Gosasee 2/24 dozer Severe injury, three-quarters | Partly recovered, normal 
girdled. growth. 

ne 2d Oss 4ounces..| do..... Severe injury, girdled.......... Dead. 

DAA eae Kol iets aa do. ....|...do....| Tracesinjury, not serious...... Fully recovered, normal growth. 

te Goss ee: 5 ounces..|...do..-.- Severeinjury, serious.......... Partly ~ recovered, normal 

growth. 

Bilt b2donsessh. £2 dos: a3 |5e6 dos:=: Tracesinjury, not serious...... Fully recovered, normal growth. 

i Wl pe 0 ap om 6ounces..|... doz Slight injury, not serious....... Subnormal, stunted. 

Depa arses ae Goi. 225216 aos Tracesinjury, not serious. ..... Fully recovered, normal growth. 

i ol xO ko eee 8ounces..|...do....}| Moderate injury, not serious.... 0. 

Ree Ones 10 ounces.}...do..... Severe injury -e-ss25-pace cee Subnormal, stunted. 


It will be noted by reference to Table V that for all doses up to 
and including 5 ounces the injury to one tree is recorded as “ slight ” 
or less, while the other was injured more severely. Table V also 
shows that on July 24, 1917, when they were again examined, all in- 
jured slightly had recovered and made a normal growth. For each 
dose, therefore, up to and including 5 ounces, one tree entirely re- 
covered and made a normal growth the season following fumigation. 
Apparently for the period over which the experiment was allowed 
to run, the smaller doses were sufficient to furnish a vapor of maxi- 
mum toxicity. Had the experiment been allowed to run longer, it 
is probable that a greater graduation in the toxicity of the various 
doses would have been observed, as the larger doses had by no means 
completely volatilized at the time the examination was made. As in 
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the case of the nursery trees, the greatest injury occurred about 
wounds. There was noticeably less injury where the protective tis- 
sue was not ruptured than on the uninjured stems, although in many 
cases the gas had killed large patches and partly girdled uninjured 


~ # collars. 


FOUR-YEAR ORCHARD TREES, 


Four-year orchard trees showed a still greater resistance to the 
effects of the gas. On September 9, 1916, 28 four-year Champion 
trees were treated in an orchard at Conway, Md., with doses as fol- 
lows: Nine received one-half ounce each, 9 three-fourths of an ounce, 
and 10 one ounce. Five trees of each plat were examined on Novem- 
ber 28, 1916, and the remainder on April 2, 1917. Of the entire 28 
trees, 17 showed no injury at all. Of the 9 trees which had received 
the one-half ounce dose 7 showed no injury, while 2 were injured, 1 
moderately and 1 severely. On the three-fourths-ounce plat 5 of 
the 9 trees showed no injury, 4 were injured, 2 severely, 1 moderately, 
and 1 only a trace. On the 1-ounce plat 5 of the 10 trees were un- 
injured; of the remaining 5, 8 showed only a trace of injury, 1 a 
slight injury, and 1 was entirely girdled. Of the entire lot of 28 
trees only 1 was killed outright. While one or two others were 
partly girdled, the one last mentioned was the only tree upon which 
the effects of the fumigation were ever visible above ground. As 
usual the injury occurred more or less irrespective of dosage, its 
severity varying with the condition of the tree with respect to insect 
wounds, etc. While it was apparent that four-year trees could not 
be fumigated without more or less injury cn lacerated stems, there was 


a decided diminution in its severity on trees of this age compared to 


those younger. 

The extent to which the epidermal and cork layers of the bark are 
responsible for the protection of the tree was illustrated by an ex- 
periment at ‘Springfield in 1916. A block of eight 10-year-old trees 
was treated with 1, 2, 3, and 4 ounce doses on July 20, two trees re- 
ceiving each dose. On August 26 they were examined and no trace of 
injury found. However, in making the examination the trees of the 2, 
3, and 4 ounce plats were considerably scarified, the outer layer of the 
bark being largely pared and scraped away. These trees were re- 
treated with the same dose August 26, and examined again on Octo- 
ber 28. On the 1-ounce plat where the collars were not scarified no 
injury had developed. On the other plats all the trees were injured 
severely, and in two cases completely girdled. On the other hand, 
trees of the same age in adjoining rows withstood during the same 
period continuous fumigation for 125 days without injury. a 
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TREES SIX YEARS AND OVER. 


A single early fall application of a moderate dose of p-dichlore- 
benzene has caused no injury on trees six years and over. Doses have 
been applied to trees of this age varying from 1 ounce to several 
ounces per tree. Where moderate doses of three-fourths of an ounce 
or 1 ounce per tree have been applied once in early fall no injury of 
any importance has ever been observed. Hundred of trees have been 
fumigated in this way, and in some cases blocks of trees have re- 
ceived the same doses for two and three years. While there can be no 
doubt that trees of any age could be killed if the fumigation was 
prolonged sufficiently, there is every indication that the time re- 
quired would be many times that necessary to kill the borer. Occa- 
sionally in the vicinity of wounds a slight amount of tissue is killed 
even in fumigation with ordinary doses, but on the older trees this 
has been so slight and superficial in character that it may be disre- 
garded. 

Table IV gives the results of prolonged fumigation on eight-year- 
old trees at Springfield in 1916. As will be seen from the data there 
presented very little injury of importance was found on trees treated 
with doses giving a continuous fumigation from June 24 to the last 
of October. Of the entire 126 trees treated with doses ranging from 
one-half ounce to 4 ounces each, only two developed serious injury 
and in both cases the trees had been seriously injured by both borers 
and crown gall. Apparently the gas has considerable effect upon the 
spongy galls which accompany this disease. Doses of 2 ounces 
and over gave off a very pronounced odor when the earth was opened, 
end the fumigation had probably been maintained at a toxic concen- 
tration throughout most of the period from June to October. While 
from the standpoint of control a fumigation of so great duration is 
not necessary or desirable, it is interesting that all these larger doses 
gave almost complete immunity from the insect throughout the 
season. 

The greatest amount of injury ever observed on older trees resulted 
from an application made at Springfield on November 1, 1916. (See 
Table VI.) 


19 


TOXIC GASES AS A CONTROL OF THE PEACH-TREE BORER. 


1'$0019 P[O-1B94-9 
{S901} P[O-1v9A-CT 
1$901} P[O-1v9A-CT 
1 S901} P[O-1v9A-¢ 
1'$901} P[O-189A-) 
1'S001} p[O-1v0k-g 
{$901} P[O-1ves-), 


{S001} P[O-1804-), 
18901} p[O ae0A ZI 04 IT 
1 S001} plo-1e04-/ 
1S001} plo 1v90k ZT 09 TT 
1 $001} P[o-1veA-9 


1See1} plo red g 01 9 


1'S001} plo-1e04-9 
1'S001} plo re0A ZI 09 OT 
1 $001} p[O-1e04-9 
1S901} plo-1ee4-9 
1'S001} PO 1BeX TT 04 OT 


g'S001} P[O 10k OT 026 
3°S001] p[0-1804-7 
1S001} PlO 1v0k OT 09 6 


*SyIeTMO YY 


“AamfUl YYSIS ¢ 


*Ainfut 07e19pop, z e 


*Aantutr ON I 


1L°9 \9TF ‘ZI8Ss/8‘S6/S0° [I 10% |2°F6 
6°G |cS boy] Bin Fecaeeiec Hs Kear aa| Wace F116 
€°v 169 OT {8 “86/90 O}T 0G 19 °S6 
Cav | GO ea Gall ie tes | eae | ore | es 8 °F6 
ANG ies G Goal asta et Mees ia O08 
ao MPL Mees Ionia = ale as ee C6 
ie GEC |G Cea ie coli te tes | ea G°Z6 
PAWN EE (OKGe| aa cil cae ole of tires OOT 
OV WA Ese |(Obal le Pea eel 9°86 
1G TEMA) G/M | eal eal ele 6°86 
6 °F |86 (O68 [ences eee [crag ew OOT 
GSC IPP (Oct Rican ese sve Fea |e 1°16 
GEG (GO Taal Gul eteones)n eee le ee [ee 8°96 
SuSE | OT SalOGali aee|® onl eee lees 8°16 
LL 22 Oa: eit ions ees ¥°16 
16 {16 OR aa Seles P'&6 
PGES 10 bes cee le eee ie ele F 66 
SLUR AST & =|) floss men| [tue and fk eal ea 9 °G6 
G°¢ 66 =|S~y Oppo G°Gg 
€°8 |€8 (Yt a | ese) seaeeaent jemeoigl Freee oL8 
CEG GS Se Oa ie oe tne | ede | ees OOT 
CEQa CRs Oiielies share [amen lee 4 8°16 
dl alealwlelalsl. 
Bie Seales eal sa ee nee 
ay Pal ercomelrcho | eer len 9 
g ° e 8 g ry e 5 
Py co ° co 
3 8 
"BAIL] B | -warey B 
eATOW 9, | PAW 3. 
*19qUInN *JoquUInN 
"peyeory : 
“un yooyg seouno FT 


Oh | ri Py (PPro oor ioe Ge. cee OD cae 
“Joo }-""|-treoy Apues oul 


ST I ea er UWeo] AT[OABIY) 
soprsccyooert=ssl|-oreoy ABO IUSTT 
Pe Ree ie (Oa ec WVOT AVIO 
eefeoestoeestess|-areor ABlO INSTT 


o-|----|----]--- “MvO| APUBS CULT 
oo[ecsetoso-t=*-1--—Teor IIs AU0IS 
se [oees}oreel=s-|---2°-= TROT IIIG 
sepoceclesee[eceleceeee- meo] ARIO 
Bolsce Sci |cina leecnicr=aene (mea 


selerectoresl=**l argo, ApUes OULT 
ss]eeeetoresl=°l--aTeoT IIs AMOI 


9€° JO9T |6EF|LF6 |IP~ |8ST |T8é}Z “16 
GZ" |G 106 |6 86 |Gha IG> IZ \o 96 JUL |G. ISL dos 
61° |P ~ |TS (8 26 |TS* 19 6E:|9°26 (TE 6 8L Ia 
i AGoa KS eae DEL Ge rcs [chen fame | beeen ese e| basyrnbeaal etl [an 
PTIOE |S% |6°98 126° |SS JSS {4°86 |Ph" JIT (GS | ~ 
Go" |9 |SG |4°96 |9T° jh GS |G °L6 JOT" JE = Ss |” 
89° ILE |S@ 1 88 |80°TIGG |€% |1°96 |GE° IZ = 0G |” 
OO SIV Ga|ORZGn| Clie eer PG ie | all merle ale 
S02 |G =. SG |9:86 SO Gan |S: lo sees ola | ae 
GUNG 2G Giles OG cies [Ts aS Gites all ae ree een | ce 
O|0 =|€& | 66 \S0° JE [IZ |2°86 60° |o |TS |” 
COAT Pe lOGNOLTGn Glee (Sie, |\SG7\e « Mlen seth ue |e es 
€° {2 |€@ 1968 | O'TIPS |€S 6°8L | O'SIEF |1S |” 
FO 19s ISO96 |CGie |Saeee SG Ali ali oe acca ree |e 
NW sW0Gat. OOL 200M 06 .|hs ven Sela nines le 
PGT IGGIGsPG (CS Ge SG" leo | cok cea ie oemed | ea ah 
b'66 [80° jE |e} OOT] OO {Zr |” 


“16 {ST 16°68 |SE"TI6E IFT |8°S8 | 618% IST i tins cat Nata! 5 OR tae oe ODE 
° 106 |€% 16°98 104° OL JPL YP pp” fala eer | oes [Pica San SSS pete O Dic sar 
ROY gray BLO Eee 7) Cag accented IN| eke Ley Reged boo nat basy bona Rate here; erate far all tae Cree weol IIS 
OOS OL OOM 010) 16 aSGHlh™ Lag 160 tia coral! | genie ns ureoy Apurg 
ST OS IT |7°96 | OIE OL j8'08 | 9°T9L JOLT j6°69\G°% GS JOT | WeOT IIS 
Se aisle (ol lalew lee Catala [a elke Bes | a= 
StSlel| S15 1Silg-e 1s) Sia! fre) sia 
ay Be ge |f]/F a ealilg|Rial1sg);qg]/F a 
oie is Bra oo [hex le eiel|"|8ia) |: 
O ct e or e co a 
° ° Sy 
[=) [=) B 
"SAIL 5 “BAIC] B | -earey st | *eArey 
OAT IOV S| CBUON S, eATIOV 2 | eAtpoy agrarian 
IoquIMnN *ToquUInN *IOqUINN *oquinN 
*90UN0 T ‘g0uno & ‘g0uno % ‘90mm + 


oglloqod| edad Hoalbsocuacesdse op--t 


*s][Mser pu JUEUT}VOLT, 


I 
I 
I 


AJ@ATSSVO 
-ons poljdde suosees jo 1oquinN 


Pee oS op 70g 

“" "Bx ‘AOTIBA WOT | ZZ “PO 
“*" yay ‘orepsuridg | @— °490 
---oryo “preyerxeM. | 0 *3deg 
“--oryo ‘Aysnpurg | ct “}deg 
“oTgQ “MoTTaLIeA | If “3deg 
alba ie PW ‘JooourH | 0g *}deg 

"CAM 

‘soyomyy seid, | 9% “deg 
oe cpa PIV ‘Oi | gz “Ades 
po ee ee Deu op’*"**| 2z *ydeg 
‘tA M ‘pleysutidg | 7% “4deg 
“BA ‘TeyseyouTM | FT “3deg 


“SI6T 

Teo cine PW ‘yooourR ; IT “3deg 
“CA CM. 

‘seyomyg oom | 2 3deg 
as een PW ‘OyIG | 6 “dos 
sigieveishelele'nicssieis: op’---"| 6L “gdeg 
Se ea ee te aie a op’ -""*] 8g ‘sny 
ee EBA OD = uae eG) se UNVE 

“LI6T 


‘VAM ‘plegsutidg | T “AON 
Piegers oie pw ‘Avmuo0g | 6 “4deg 
‘eA M ‘plogsutidg | 9g ‘Sny 
“O16 


*m01} 
-vordde 
jo o1eq 


“Aqq[eoOTT 


“SI6I-9T6I ‘wosnas wad auazuaqgolojyoup-pind fo uoynoyddn pof auo fq poww;go sjjnsa. fo hunmuns Posauap— TA @TAV I, 


Lo ae 


20 BULLETIN 796, U. S. DEPARTMENT OF AGRICULTURE. 


The trees treated were about 10 years of age and had sufiered 
heavily from borer attacks. They received 1 ounce each. On May 
28, 1917, 15 were examined. Nine showed no injury at all, 5 showed 
traces, and 2 what was classified as slight injury. So far as the final 
effect on the trees was concerned none of this injury was of impor- 
tance. It was more than hitherto had been observed for this dose, 
however, and while the reason is not entirely apparent it is felt 
that it is best to make the application sufficiently early in the fall 
to allow for complete evaporation before winter. This fact, coupled 
with its less effective action, should be sufficient reason for avoiding 
late application. When the application is made in the central lati- 
tude as late as September 15, it probably would be wise to uncover 
the trees after five or six weeks, and either allow them to stand open 
for a time or refill with fresh earth. In fact, at the present stage of 
our knowledge of the problem the writer is inclined to feel that this 
might be a wise precaution to follow in every case. 

The varieties treated have included many of the leading commer- 
cial sorts as well as a large number of unknown seedlings. So far 
there has been nothing to indicate that one variety of peach is more 
susceptible to the effects of the gas than another. 

A summary of the results obtained by one fall application of para- 
dichlorobenzene is given in Table VI. 


RELATION OF INJURY TO SOIL TYPE. 
No special relation between injury and type of soil has been discov- 


ered in the use of p-dichlorobenzene. Very porous soils probably 
give a somewhat less concentrated vapor than very retentive soils, 


_ but in practice the effect of soil type has not seemed important, al- 


though the soils on which experiments were carried on have varied 
from lhght sandy loams to heavy clay loams. 


INJURY TO APPLE. 


In August, 1916, an application of p-dichlorobenzene was made to 
iwelve 3-year-old apple trees at Springfield, W. Va. These trees were 
treated with doses varying from 1 ounce to one-fourth of an ounce 
each. <All were quite well infested with S. candida. The applica- 
tion was made on August 23 and the examination on September 1-2. 
Practically all the smaller larvee of the borer had been killed. The 
more mature specimens working in deeper burrows were still living, 
although several were affected noticeably by the gas. The trees were 
severely injured, however. Apparently, the action of the gas on the 
insect and the tree was almost simultaneous. Several of these trees _ 
were so severely injured that they died the following season. On 
another occasion an 8-year-old apple tree not infested with borers or 
injured in any way was treated with an ounce of p-dichlorobenzene. 
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When examined, about one month later, it was found to be two-thirds 
girdled by the fumigation. While these observations are very lim- 
ited they indicate a wide difference in susceptibility of apple and 
peach. This difference apparently is due mostly to the difference in 
the thickness of the bark and its layers of protective tissue, which 


exists between the two. 
DISCUSSION. 


The experience so far obtained indicates that there are pronounced 
possibilities in the application of poison gases to the control of the 
peach-tree borer. At present p-dichlorobenzene remains the only 
material of decided value. Despite the fact that for three seasons it 
has given uniformly good results, however, it is not the purpose 
of this paper to encourage its use except In an experimental way. 
The control obtained has been by no means 100 per cent efficient, 
and it is doubtful if such a degree of contro] could be secured safely 
by any artificial means. Certainly it is not obtained in practice by 
the ordinary “worming.” Unfortunately the use of this gas is 
restricted to trees of somewhat advanced age, but this limitation 
might apply as well to the application of other fumigants for the 
control of this insect. 

The question of the volatility of p-dichlorobenzene was submitted 
to the Bureau of Chemistry.t. It was found that the vapor pressure, 
while very low at ordinary temperature, is, roughly, about ten times 
as great at 100° F. as at 50° F. In the soil, however, the relation of 
vapor pressure and temperature to the rate of volatilization is greatly 


modified by such factors as barometric pressure, humidity, circula- 


tion of air, surface exposure, etc. Although there is undoubtedly a ~ 
considerable variation in the rate of volatilization within the sea- 
sonal range of soil temperatures, it has not seriously interfered with 
the effectiveness of the gas in the field tests so far made. Soil tem- 
perature records taken throughout the season of 1916 at Springfield, 
W. Va., showed a variation at a depth of 6 inches from about 50° 
to 55° F. in April and October to 75° and 80° F. in July and 
August, 

The vapor of p-dichlorobenzene has a very decided repellent effect 
upon the ovipositing moths. On several occasions females were 
followed through treated blocks of trees and observed to visit tree 
after tree, hovering about the base for a short time or alighting for 
an instant without depositing a single egg. 

The effective range of the gas is rather local, being confined to the 
area reached in practice by “worming.” On the bole of the tree at 
a depth of from 8 to 12 inches and on lateral roots at less than that 
depth, but more than 6 to 8 inches from the trunk, larve usually are 
not affected. 


1 Correspondence and notes of the Bureau of Entomology. 
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The writer is indebted to a number of observers for cooperation 
in experiments made in various parts of the country during the 
season of 1918. In Ohio the treatments and examinations at San- 
dusky and Vermilion were made by Mr. G. A. Runner, in charge of 
the laboratory of the Bureau of Entomology at Sandusky, in coopera- 
tion with Mr. H. J. Speaker, of the bureau of horticulture, Ohio De- 
partment of Agriculture. The work in southern Ohio at Wakefield 
was conducted by Mr. Speaker. At Springdale, Ark., the observa- 
tions were made by Mr. A. J. Ackerman, of the Bureau of Entomol- 
ogy, and Mr. F. L. Pierce, of the Bureau of Plant Industry. At Fort 
Valley, Ga., the work was carried out by Mr. J. J. Culver, of the 
Bureau of Entomology, and the writer. The writer is also especially 
indebted to Mr. B. R. Leach, in charge of the bureau laboratory at 
Winchester, Va., for many valuable suggestions and for cooperation 
and assistance in the experiments in Virginia, West Virginia, and 
Maryland. 

SUMMARY. 


(1) It has been found impossible to standardize the use of carbon 
disulphid and carbon tetrachlorid as treatments for the peach borer. 
The great volatility of these substances at ordinary temperatures 
renders them too sensitive to varying conditions of soil porosity. 

(2) Sodium cyanid on account of its solubility was too susceptible 
to the effects of variation in soil moisture and soil type, and proved 
to be injurious to trees. 

(3) Naphthalene on account of its low volatility within the sea- 
sonal range of soil temperatures was only a partially effective larvi- 
cide for a very short period in midsummer. 

(4) P-dichlorobenzene has proved quite effective over a wide 
range of varying conditions imposed by field practice, with a consid- 
erable margin of safety for trees six years and over. 

In making the application the surface crust about the collar of 
the tree is broken. Excessive amounts of gummy exudations at the 
surface are removed. The lower levels of soil are disturbed as little 
as possible, and the required dose is distributed evenly about the 
trunk in a band 1 to 2 inches in width. (See Plate I, A.) Two or 
three shovels of earth are then placed over the material, and com- 
pacted with the back of the shovel, being mounded slightly to cover 
surface galleries (Plate I, B). 

In the latitude of Washington and northern Virginia about Sep- 
tember 10 has been-found to be the most satisfactory time of appli- 
cation. Based on the insect’s seasonal history, the theoretical time 
of application in the North generally would be about September 1: 
in the Ozarks, September 25; and in Georgia and the cotton belt, 
October 10, 


ay! 
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For 6 to 15 year old trees of average size, doses of 1 ounce 
and of three-fourths of an ounce per tree have been found effective in 
destroying the borers without injury to the trees. For very large 
trees of advanced age, a somewhat increased dose may be desirable. 

As an added precaution against injury the base of the trees should 
be uncovered 4 to 6 weeks after application, allowed to remain open 
for a few days, and recovered. This precaution is especially neces- 
sary if the application has been made very late. 

The use of p-dichlorobenzene in this way has been found to reduce 
the infestation on the average from 6.77 to 0.41-0.36 larvee per tree, 
approximately a 94 per cent control. : 
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